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SECTION  i 

SUMMARY  OF  PROGRESS 


All  of  chs  contract  requirements  and  program  objectives  have  been 
met  or  exceeded  w* .  ~h  the  csapletion  of  this  nx-nth’s  testing. 

Engine  FX-163  has  attained  a  maximum  thrust  of  58,800  pounds  doling  a 
transient  run  and  a  steady-state  thrust  of  57,830  pounds.  This  engine  demon¬ 
strated  a  takeoff  XSFC  of  1.74  which  is  U\  below  the  production  rating.  Engine 
testing  has  been  accomplished  with  the  No.  2  reverser-supvX'.ssor  Installed-* 
and  a  reduction  of  5  FNdb  below  that  predicted  by  the  SAE  method  has  been 
demonstrated  which  confirms  the  level  used  for  the  specification  values. 

The  Preliminary  Engine  Model  Specification  for  an  825  ib/sec  airflow 
engine  was  given  to  the  FAA.  and  The  Boeing  Company  on  16  December, 

Hie  FAA  Supplementary  Engine  Evaluation  Task  Force  visited  FRPC  on 
14  and  15  December  to  review  the  SST  engine  and  rig  test  results  since 
their  visit  on  16  and  17  November.  Numerous  meetings  were  held  with 
Boeing  and  Lockheed  personnel  in  a  continuing  effort  to  keep  engine/airframe 
coordination  current. 

The  following  significant  achievements  have  been  made  on  the  JTF17A-20 
experimental  engines: 


Total  engine  time _ _ —  -  4 54; 5 5' hours 

Total  duct  heating  time  27.88  hours 
Time  at  2000°F  and  above  56.65  hours 
Time  at  2200“F  and  above  14.27  hours 


Total  duct  heating  time 

Time  at  2000°F  and  above 

Time  at  2200“F  and  above 
at  cruise  Ql  2.7,  65,000  ft) 

Heated  inlet  time 

Time  at  cruise  conditions 
01  2.7,  65,000  ft) 


32.34  hours 
28.59  hours 
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SECTION  II 
PROBLEM  REPORT 


sijjnificant  pr&blesis  rentained  unresolved  at  rhe  end  of  th< 

period. 
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SECTION  III 

description  or  technical  progress 

A.  ENGINE  DESIGN 

1 .  Fan 

Layouts  were  completed  that  define  those  items  which  are  necessary 
to  permit  installation  of  the  prototype  JTF17A-21  fan  into  one  of  the 
initial  experimental  engines.  This  modification  consists  of  prototype 
blades,  vanes  and  spacing ,  the  initial  experimental  engine  lst-stagc 
disk.,  a  new  2nd-stage  disk,  and  a  modified  intermediate  and  inlet  case. 

The  prototype  inlet  bellmouth  and  inlet  instrumentation  ring  are  incor¬ 
porated  in  this  design.  Prior  to  layout  completion,  raw  material  drawings 
were  prepared  and  released  for  advance  material  procurement. 

2.  Compressor 

All  layouts  that  were  required  to  define  the  incorporation  of  the 
prototype  compressor  into  test  rigs  were  completed. 

3.  Primary  Combustor 

The  design  layouts  on  the  primary  combustor  and  the  diffuser  case 
were  completed. 

The  design  of  the  alternative  film-cooled  transition  duct  was 
established. 

4.  Duct  Heater 

The  design  of  the  JTF17A-21  duct  heater  and  the  duct  heater  diffuse^ 
have  been  established.  The  duct  heater  diffuser  case,  and  rear  cases 
and  liners  have  been  defined. 

5 .  Turb ine 

The  design  of  the  JTF17A-21  turbine  has  been  established.  An  alter¬ 
native  lst-stage  blade  has  been  designed. 

The  design  of  the  turbine  high  spool  rig  for  Phase  III  has  also  been 
defined. 
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6.  Shafts,  Bearings  and  Seals 

The  design  layouts  for  the  No.  1  and  2  bearing  compartment  are  complete. 
The  No.  3  and  4  compartment  designs  have  been  defined. 

7.  Accessory  Drives 

Studies  were  accomplished  to  define  the  modifications  necessary  to 
adapt  the  test  stand  starters  and  initial  experimental  engine  gearbox 
arrangement  for  the  first  prototype  engine. 


8.  Fuel  System 

The  fuel  and  hydraulic  system  schematics  were  updated  and  redrawn 
for  the  JTF17A-21  engines  in  this  report  period. 

9.  Control  System 

Through  coordination  with  the  vendor  selected  for  the  fuel  control, 
the  specific  locations  were  determined  for  all  fuel  connections  on  the 
control  base  plate  for  the  JTF17A-21L  engine. 

The  final  configuration  of  the  hydraulic  pump  and  the  gas  generator 
fuel  pump  was  decided  with  the  selected  vendors. 

The  design  of  the  duct  nozzle  feedback  system  has  been  defined  and 
coordination  of  the  connection  to  the  fuel  control  with  the  vendor  was 
initiated.  Cable  routing,  pulley  brackets,  and  cable  tensioners  have 
been  established. 

A  preliminary  design  of  an  alternative  reverser  interlock  using  cams 
and  cam  followers  was  completed.  The  associated  cable  routing,  pulley 
brackets,  and  cable  tensioner  have  been  defined. 

The  design  of  the  inlet  guide  vane  and  aerodynamic  brake  actuator 
has  been  established. 
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10.  Plectricai  zsz.  an d  Xct, ir  > tuheniw Lion 

Coordination  of  the  low  rotor  speed  pickup,  Nj,  was  completed  with 
two  vendors. 

Coordination  of  the  transducer  for  the  duct  nozzle  position  inc  cator 

was  initiated. 

11.  Reverser-Suppressor 

Definition  of  the  basic  design  of  the  JTF17A-21  reverter-suppressor 
and  duct  heater  variable  nozzle  has  bean  accomplished. 
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B.  ENGINE  TEST 


December 

Phase 

Il-C 

Time ,  hours 

Time  , 

hours 

Engine  FX 

-161 

FX-162 

FX- 163 

FX-161 

FX - 162 

FX-163 

-r- «.  -  t 

aCL«  4 

Total 

16.66 

87  .41 

47.55 

19.59 

154.55 

Heated  Inlet 

o 

-*-4 

5 

f-4 

0 

30.27 

2.07 

0 

32.34 

Cruise  Condition 

U 

4i 

P* 

U 

0> 

Oe 

0 

26.94 

1.65 

0 

28.59 

_  (M  -  2.7,  65,000  ft) 

J-J 

Euet  Heater 

t 

Oi 

0* 

o 

a 

41 

PS 

Total 

u 

-D 

u 

01 

jQ 

1.68 

20.43 

5.77 

1.68 

27.88 

Cruise  Condition 

B 

w 

V 

g 

o 

0 

6.17 

0 

0 

6.17 

(H  -  2.7,  65,000  ft) 

& 

2 

Cl 

01 

Turbine  Inlet  Temperature 

u 

•C 

*_> 

2000 °F  and  above 

c 

■rf 

c 

4.50 

35.71 

15.84 

5.10 

56.65 

2100'F  and  above 

sc 

c 

00 

c 

•*4 

1.59 

26.40 

15.64 

1.96 

44.00 

220O°F  and  above 

Cl 

V 

tn 

0;  63 

18.41 

5.85 

0.75 

25.01 

2200“^  and  above  at 

4-1 

4J 

0 

14.27 

0 

0 

14.27 

cruise  conditions 
(M  =  2.7,  65 . 000  ft) 

o 

z; 

2300°?  and  above 

0.03 

0.59 

0.38 

0.03 

1.00 

1.  Engine  FX-161  -  Disassembly  Inspection 

The  engine  was  disassembled  for  inspection  following  the  completion 
of  the  altitude  inlet  distortion  program,  reference  PWA  FR-2213.  The 
engine,  with  the  inlet  instrumentation  ring,  is  shown  as  it  was  returned 
to  the  assembly  floor  in  figure  III-B-1.  All  parts  were  inspected  and 
reviewed  in  preparation  for  rebuild.  The  general  condition  of  the  parts 
wa  s  good . 
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2.  Engine  FX-163 

Assembly  was  completed  on  3  December,  anu  the  engine  was  delivered  to 
sea  level  test  stand  A-4.  See  figure  III-B-2.  The  major  feature  or  this 
second  build  was  the  incorporation  of  the  prototype  design  high  compressor. 

A  summary  of  all  features  included  in  this  build  is  presented  in  PWA  FR-2213. 

The  initial  start  was  made  on  5  December  followed  by  a  series  of  check. 

_ runs  - — Operation  of  the  gas  generator  arid  duct  heater  was  satisfactory 

with  engine  match  and  performance  as  predicted.  The  prototype  compressor 
produced  a  marked  improvement  in  performance.  Design  rotor  speeds  were 
obtained  at  very  near  the  design  turbine  inlet  temperature.  A  transient 
maximum  thrust  run  was  made  on  7  December  with  data  automatically  recorded 
during  acceleration  to  and  deceleration  from  the  predicted  57K  point  condi¬ 
tions,  Analysis  of  the  data  revealed  that  a  maximum  thrust  of  58,800  pounds 
had  been  achieved  and  that  this  build  of  FX-163  with  the  prototype  compressor 
was  capable  of  demonstrating  Phase  II-C  performance  goals;  see  paragraph  III-B-3. 
The  engine  while  running  is  shown  in  figure  III-B-3. 

The  engine  was  visually  inspected  tnd  the  parts  were  in  good  condi¬ 
tion.  See  figures  III-B- 4  aud  III-B-5.  A  hot  section  inspection  followed, 
which  included  X-ray  and  zyglo  examination  of  the  lst-stage  turbine  blades. 

The  condition  of  the  turbine  was  found  ter  be  good  with  only  four  minor 
discrepancies  as  follows: 

1.  Four  of  the  24  instrumented  lst-stage  turbine  vanes,  one 
temperature-instrumented  and  three  pressure-instrumented. 

Showed  evidence  of  slight  distress.  All  noninsrrumented 
vanes  were  in  excellent  condition.  See  figure  III-B-6. 

2.  Zyglo  inspection  of  the  lst-stage  turbine  blades  revealed 
a  coating  crack  on  one  blade,  and  X-ray  inspection 
indicated  possible  cracks  in  two  other  blades. 


COfflTKMTIAL  Pratt  A WWtney  Aircraft 

PWA  FR-2239 

3.  Three  small  hot  spots  were  evident  in  the  primary  combustor, 
one  or  a  scoop  and  two  along  the  OD  trailing  edge.  See 
figure  III-B-7. 

The  above-mentioned  four  instrumented  ist-stage  turbine  vanes,  were 
replaced  with  noninstr omen ted  parts  as  a  precautionary  measure,  in 
addition,  a  fifth  pressure-instrumented  vane  was  also  replaced  with  a 
nonins truiueuted  part.  Four  of  the  five  replacements  were  ID  Nickel . 

Laboratory  examination  of  one  ist-stage  turbine  blade  revealed  sub¬ 
surface  stress-rupture  cracks.  Blades  of  this  type  had  accumulated  a  total 
of  96.0  hours  of  engine  testing,  including  87,4  hours  in  engine  FX-161  prior 
to  incorporation  into  FX- 163-2.  The  entire  stage  was  replaced  with  new 
blades  pending  more  detailed  examination  of  the  retraining  blades. 

The  small  burn  spots  on  the  primary  combustor  were  left  untouched. 

Jet  nozzle  area  was  increased  by  5%  to  rematch  the  engine  to  obtain 
design  rotor  speeds  at  design  turbine  inlet  temperature. 

Reassembly  was  completed  on  10  December.  Fost-inspection  check  runs 
were  completed,  and  on  11  December ,  a  steady-state  point  at  57,830  pounds 
thrust  and  2337“F  TIT  was  achieved;  see  Performance,  paragraph  X1I-B-3. 

The  engine  is  shown  running  in  figure  Ill-B-8. 

External  visual  inspection  of  the  engine  revealed  no  evidence  of 
damage  to  any  parts.  A  hot  section  visual  inspection  of  the  turbine 
-was  made  and  revealed  that  all  parts  were  in  good  condition.  The  TD  Nickel 
vanes  were  unaffected  by  engine  testing.  The  1st-  Cage  turbine  blades 
had  rubbed  lightly  on  the  outer  shroud  but  showed  no  evidence  of  damage. 

The  burned  areas  on  the  primary  combustor  had  increased  slightlv. 

Visual  inspection  was  completed  on  14  December,  and  reassembly  was 
completed  on  16  December  with  reverser-suppressor  unit  No.  2  installed. 

See  figures  II1-B-9  through  II1-B-11 . 

On  27  December,  cold  and  hot  calibrations  were  completed  with  the 
reverser -suppressor  in  the  forward  thrust  mode  to  evaluate  the  effect  of 
the  reverser-suppressor  on  performance  and  noise .  Figure  II1-B-12  shows  the 
engine  running  at  53,100  pounds  of  thrust  with  a  TIT  of  2200°F.  There  was 
no  loss  in  performance  from  the  reverser-suppressor  when  compared  to  running 
without  the  reverser-suppressor.  The  noise  level  at  sea  level  takeoff  con¬ 
ditions  was  5  PNdb  below  that  predicted  by  the  SAE  method. 
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The  reverser-auppressor  was  operated  into  and  out  of  the  reverse  thrust 
node  at  idle  conditions.  There  was  no  suppression  of  engine  speed  nor  any 
otner  adverse  effects.  Operation  into  and  out  of  ri-v. rse  was  smooth  and 
without  incidence.  Overall  operation  in  both  the  forward  and  reverse  inodes 
was  excellent. 

The  duct  heater  light,  accomplished  automatically,  was  exceptionally 
smooth  and  without  incidence. 

Visual  inspection  revealed  no  evidence  of  distress  as  a  result  of 
the  above  running  otherthan  a  few  cracked  2-s  tif  feiiers  in  the  trailing 
edge  of  four  tailfeather  seals.  See  figures  XX1-B-13  through  lll*B*18i 

3 .  Performance 

On  11  December,  engine  FX-163-2  was  run  at  sea  level  to  a  stabilized 
thrust  of  57,830  pounds  at  a  TSFC  of  1.94.  In  addition  to  the  maximum 
thrust  point  a  duct  heater  lit  calibration  was  taken,  at  a  lower  turbine 
inlet  temperature,  to  define  the  variation  of  thrust  with  duct  heater 
fuel/air  ratio.  These  data,  summarized  in  figure  III-B-I9,  show  that 
at  the  JTF17A-20  production  thrust  of  57,000  pounds  the  TSFC  would  be 
1.74  compared  to  the  guaranteed  TSFC  of  1.81. 

On  27  December,  nonaugoented  and  augmented  calibrations  were  completed 
in  order  to  evaluate  the  effect  of  the  reverse r-suppressor  on  perform¬ 
ance  and  noise.  There  was  no  loss  in  performance  from  the  reverser- 
suppressot  wheu  compared  to  running  without  the  reverser-suppressor. 

The  noise  level  at  sea  level  takeoff  conditions  was  5  FSdb  below  that 
predicted  by  the  SAE  method. 

Figure  1II-B-20  compares  the  engine  match  point  for  engine  FX-163-2 
with  the  design  goal  and  with  the  match  point  of  earlier  engine  builds. 

The  high  compressor  in  engine  builds  prior  to  engine  FX-163-2  exhibited 
a  surge  line  well  below  the  design  goal.  The  lower  surge  line  required 
the  engine  to  be  run  with  turbine  vane  areas  much  larger  than  optimum 
to  lower  the  operating  line,  resulting  in  a  loss  in  turbine  efficiency 
and  reduced  rotor  speeds.  Engine  FX-163-2  incorporated  the  prototype 
JTF17A-21  compressor  which  as  a  rig  demonstrated  a  surge  line  and  efficien¬ 
cies  better  than  the  design  goals. 
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■^a^-E  cnajut^  th*  a»Mu««d  <«ayon«nc  per io  met  nee  ot  engine 

FX-163-2  with  the  predicted  components  for  the  production  JTF17A-20. 

Table  XI1-B-1.  Component  Comparison 


“a  v^T2/*T2 

^JTr, 

FX-163-2 

671 

6400 

7010 

JTF17A-20 
Production  Engine 

650 

6160 

7050 

Gas  Generator  Airflow 

295 

283 

Bypass  ratio 

X.  27 

1.30 

PT3E/PT2 

2.64 

2.50 

PT30/PT2 

2.86 

2.70 

PT4/PT3 

4.76 

4.77 

^Fan  ID 

0.84 

0.90 

^Fan  OD 

0.78 

0.82 

^Comp. 

0.86 

0.86 

AP4-5^PT4 

0.063 

0.063 

Turbine  Inlet  Temperature  - 

°F 

2337 

2300 

High 

0.86 

0.87 

**T  Low 

0.86 

0.875 

FH  -  lbs 

57,830 

57,000 

TSFC 

1.94 

1.81 

Duct  Heater  F/A  ratio 

0.064 

0.060 

Duct  Discharge  Temperature  - 

3200 

3100 

TSFC 

1.74* 

Duct  Heater  F/A  ratio 

0.057* 

Duct  Discharge  Temperature  - 

°F 

3100* 

*for  FN  =  57,000  ib 


4.  Materials  and  Fabrication 

Long-time  stress  rupture  and  creep  rupture  testing  on  candidate  SST 
materials  has  been  completed. 
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A  list  of  candidate  Mteriiis,  the  proposed  applications  In  Che  SST 
design,  and  the  limiting  creep  and  atraaa  design  criteria  are  tabulated 
as  follows: 


Material 

Application 

Limiting 

Creep, 

% 

Des ign  Criteria 
Creep  -id  Stress 
Rupture  T-snp  Range, 
*F 

High  Time 
Specimen, 
hr 

Astroloy  (FUA  1013) 

Disks 

0.1 

120C-14G0 

4745 

Uaspaloy  Sheet 

Cases 

0.5 

1200*1600 _ 

5113 _ 

(FWA  1030) 

Waspaloy  Forgings 
(FWA  1016) 

Disks,  Shafts, 
Bubs 

0.1 

1100-1300 

3587 

Inco  718  Sheet 
(FWA  1033) 

Ducts,  Cases 

0.5 

1000-1200 

3220 

L-605  Sheet 
(AMS  5537) 

Ducts,  Liners 

0.5 

1400-1800 

5203 

Hastelloy  X  Sheet 
(AMS  5536) 

Burners,  Ducts 

0.5 

1400-1800 

4761 

i'N-iOO  (FWA  658) 

Blades ,  Vanes 

1.0 

1400-1800 

4950 

Inco  525 

Duct,  Liners 

1200-1500 

1800 

TD  Hiek«il 
(EVA  1035) 

Vanes 

1700-2100 

2023 

Titanium 
(PWA  1202) 

Blades 

0.1 

700-900 

7541 

PWA  664 

Blades 

1.0 

1400-1800 

3060 

A-ITO  (AMS '49 10) - 

Cases 

0.1 

700-900 

4052 

The  results  of  long-time  stress  rupture  and  creep  testing  of  Waapaloy 
Sheet  are  plotted  in  figures  III-S-21  and  III-B-22.  Results  for  all  other 
alloys  have  been  reported  prior  to  this  report. 

Material  Stress  Rupture  Creep  Figure 


Stress  Rupture 
Figure  No. 


Astroloy  (EVA  1013)  * 

Waspaloy  Sheet  (PHA  1030)  11I-B-21 

Uaspaloy  Forgings  (PWA  1016)  * 

1-718  Sheet  (FWA  1033)  * 

L-605  Sheet  (AMS  5537)  * 

Hastelloy  X  Sheet  (AMS  5536)  * 

IN-100  (PWA  658)  * 

Inco  625  * 

TD  Nickel  (TWA  1035)  * 

PWA  664  * 

Titanium  (PHA  1202)  * 

♦Testing  completed.  Curves  in  previous  reports 
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5.  Sul float ion  and  Oxidatlon-Eroaion  luting 

Sulfidation  testing  is  being  continued  on  the  most  promising  candidate 
SST  materials  and  coatings.  The  following  is  a  summary  of  sulfidation 
testing  conducted  at  accelerated  test  conditions  of  1.0  ppm  NaCl  content 
in  air,  maximum  sulfur  content  allowed  (0.3%)  by  ?WA  fuel  specifications  522 
and  specimen  metal  temperature  of  1800°F. 


Material 

Coating 

Protection , 
hr 

- fKrt - 

FWA  664 

rwft  v£ 

PWA  47 

1350 

PWA  664 

PWA  64 

1850 

PWA  658  (IN- 100) 

PWA  64 

1150 

FWA  658  (IN-100) 

* 

2500 

PWA  1035  (TD  Nickel) 

* 

1350** 

*WA  number  has  not  been  assigned 

**Testing  of  specimens  to  date. 

A  graphic  presentation  of  these  data  is  shown  in  figure  I 11 -B -23. 

The  results  to  date  of  the  sulfidation  testing  are:  (1)  FWA  1035  (331  Nickel) 
coated  with  the  newly  developed  coating  showed  excellent  sulfidation  pro¬ 
tection  after  1350  hours  of  total  testing,  (2)  FWA  658  (IN-100)  coated  with 
the  newly  developed  coating  showed  excellent  sulfidation  protection  after 
1350  hours  of  total  testing,  (3)  TWA  658  (IN-100)  and  fWA  664  coated  with 
1UA  64  showed  excellent  sulfidation  protection  after  850  hours  of  retesting. 

Long-time  oxidation-erosion testing  of  candidate- SST.  material#  and 
coatings  (also  other  materials  and  coatings  for  comparison)  continued  at 
18 OC  P  specimen  metal  temperature,  lhe  results  to  date  for  the  following 
materials  and  coatings  are:  (1)  fWA  658  (IN- 1 00)  coated  with  1VA  58,  and 
PWA  664  coated  with  BKA  47  showed  excellent  oxidation-erosion  protection 
after  1500  hours  of  testing;  (2)  FWA  657  (SH  302)  coated  with  PWA  45  shewed 
excellent  protection  after  750  hours  of  testing;  (3)  FVA  1035  (ID  Nickel) 
coated  with  7VA  62  showed  excellent  protection  after  730  hours  of  testing; 
(4)  FWA  664  and  RU  658  coated  with  FWA  64  showed  excellent  protection 
after  650  hours  of  testing.  A  graphic  presentation  of  these  data  is  shown 
in  figure  IXI-B-24. 
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Figure  I1I-B-3.  Engine  FX-163-2  Running  in  Test  Stand  A-4  FE  b595<> 


Pratt  &  Whitney  fitrcraft 

PWA  FR-2239 


Figure  lll-B-6.  Engine  FX-163-2  lst-Stage  Turbine  V<:nes  Looking  Forward  FF.  (>6022 
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Figure  II1-B-7.  Engine  FX-1&3-2  Primary  Combustor  Showing  Slight  Burning 
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guru  III-B-8. .  Engine  FX- 163-2  Operating  at  57,830  lb  Thrust  FE  6b012 


Figure  III-B-9. .  Engine  FX-163-2B  With  Reverser-Suppressor 
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Figure  II1-B-11 ,  Engine  FX-163-2B  With  Reverser-Suppressor 
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FigutK  III-B-I5.  Engine  FJC-163-2B  Reverset -Suppressor  Upper  Clamshell  After  Testing 
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Figure  III-B-17.  Engine  FX-163-2B  Lett  Side  View  FE  66460 
of  Reverser -Suppressor  Exit  Flaps 
After  Testing 
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Figure  III-B-18.  Engine  FX-163-2B  Right  Side  View  FE  66461 
of  Reverser-Su ppres sor  Exit  Flaps 
After  Testing 
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CORRECTED  AIRFLOW,  WNe^7St3 -lb/sec 


CORRECTED  AIRFLOW,  W  Ve72/  St2-  ib/sec 

Figure  IH-B-20,  Engine  Performance  Summary 
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c.  ccktressor 

1.  0.6-Scale  Tan  Rig 

December  Phase  II -C  ~\>tal 

Test  Time  22.6  hours  5S4 . 6  hours 

Build  No.  12  of  the  0.6-scale  fan  rig  ran  a  partial  performance  cali¬ 
bration  early  in  December.  This  build  incorporated  the  redesign  1st-  and 
2nd-stage  blades,  which  are  a  revised  version  of  the  build  No.  7  blades. 

The  ist-stage  blades  are  similar  to  the  build  No.  10  Ist-stage  blades, 
which  were  made  by  reoperating  build  No.  7  blades.  The  2nd- stage  blades 
incorporate  a  closed  leading  edge  root  and  an  opened  leading  edge  from 
30%  span,  relative  to  build  No.  7. 

Engine  stream  performance  at  design  speed  was  the  best  demonstrated 
to  date.  A  peak  pressure  ratio  of  2.67  was  reached  at  an  efficiency  of 
87%,  which  is  4.3%  higher  than  build  No.  5.  Peak  efficiency  at  cruise 
was  90%.  This  performance  is  shown  in  the  compressor  map  of  figure  1I1-C-1. 
Surge  margin  at  cruise  was  lower  than  previous  burlds. 

Fan  stream  performance  was  lower  than  build  No.  5.  Total  airflow  was 
down  approximately  1.57.  below  design  value  at  design  speed.  The  surge 
point  was  approximately  on  the  build  No.  5  surge  line.  Peak  efficienev 
was  5%  below  build  No.  5,  while  cruise  efficiency  was  Lhe  same.  This 
performance  is  shown  in  figure  III-C-2. 

For  the  same  overall  rig  pressure  ratio,  the  Ist-stage  blade  average 
pressure  ratio  was  1.78  as  compared  to  build  No.  5  with  1.61  ,  build  No.  7 
with  1.65,  and  build  No.  10  with  1.74.  The  design  goals  of  the  Ist-stage 
•lade  have  been  reached.  Analysis  of  data  indicates  that  the  ist-stage 
vanes  are  stalled.  This  appears  to  be  the  cause  of  the  low  duct  side 
efficiency  and  may  be  the  cause  of  the  low  fan  stream  overall  surge  margin 
and  engine  surge  margin  at  cruise. 

Rig  testing  was  terminated  by  failure  of  a  Ist-stage  blade  approxi¬ 
mately  3  inches  above  the  root.  Measured  stresses  during  the  test  were 
6000  to  7000  psi ,  which  is  well  within  the  10,000-psi  limit  for  steady- 
state  running.  The  fatigue  failure  progressed  from  the  base  of  an 
angular  oxide-discolored  area  approximately  0.031  in.  in  length  at  the 
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trailing  edge.  The  fatigue  crack  progressed  apprcxinately  5C2  through  me 
airfoil  before  the  failure  terminated  in  tensile-shear.  The  fracture 
face  i*  ahcvn  in  figure  III-C-3.  The  crack,  at  the  base  of  the  defect 
from  which  the  fatigue  initi'.lnd  is  shown  in  figure  III-C-4.  The  internal 
material  defect  was  not  detected  by  X-ray  and  fluorescent  penetrant 
inspections  to  which  the  blade  was  subjected.  Exact  cause  of  the  material 
defect  could  not  be  determined  but  may  have  b^en  a  lap  or  an  internal 
burst  during  fabrication  of  the  bar  stock  from  which  the  blades  were  made. 

Damage  to  the  rig  was  moderate  for  this  type  of  failure.  Most  of  the 
Ist-stage  blades  suffered  impact  damage,  but  no  other  blades  were  broken. 
Approximately  102  of  the  lst-stage  vanes  required  replacement,  and  other 
vanes  required  minor  blending.  Approximately  502  of  the  2nd-stage  blades 
were  reusable  with  only  minor  impact  damage.  Damage  to  the  2nd  stage  and 
exit  vanes  was  very  light  with  only  minor  blending  required. 

2.  Full-Scale  High  Compressor  Rig 

December  Phase  II-C  Total 

Test  Time  0.00  hours  114.50  hours 

Compressor  rig  testing  was  suspended  after  the  successful  test  of  the 
first  build  of  the  prototype  compressor,  as  documented  in  IWA  FR-2213. 

New  stator  assemblies  of  engine-quality  material  were  fabricated  for  an 
engine  test  of  this  compressor,  since  those  of  the  compressor  rig  were 
made  of  347  stainless  steel  and  were  not  structurally  adequate  for  engine 
tests. 

The  excellent  performance  of  this  compressor  in  the  engine  test 
allowed  a  demonstration  of  57,830  pounds  of  thrust,  corrected  to  standard 
day  inlet  conditions.  The  compressor,  at  the  maximum  thrust  point,  was 
operating  at  862  efficiency  and  4.76  pressure  ratio  with  J32.5  pounds  of 
airflow;  see  figure  II1-C-5. 
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ETCHANT:  KROLL’S  REAGENT  MAG.  500X 

PHOTOMICROGRAPH  OF  PLANAR  SECTION  THROUGH  TRAILING  EDCE  SHOWING  inter¬ 
granular  CRACK  (ARROWS)  AT  BASE  OF  LIP  (BRACKET). 


Figure  III -0-4.  0.6-Scale  Fan  Rig  lsc-Stage  FM  18306 

Blade  Showing  Crack 
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Figure  III-C-5,  JTF17A-2L  Prototype  High  Pressure 
Rig  Performance 
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D .  PRIMARY  COMBUSTOR 


December 

Full-Scale  Rig  Test  Time  0 

Full-Annular  Rig  Test  Time 

JTF17  0 

Related  Technology  0 


Phase  II-C 

J?2  I;Ou  1  s 


5.36  liours 
65-8  hours 


Sea  level  testing  on  FX-163-2,  with  improved  primary  combustor  instru¬ 
mentation,  has  provided  excellent  pressure  loss  data  for  correlation  with 
the  modified  JT4  annular  rig  data.  The  relationship  between  pressure  drop 
(P^  -  P  /P^)  and  corrected  airflow  for  the  JTF17  engine  and  the  annular 
primary  combustor  rig  is  shown  in  figure  III-D-1 .  These  results  indicate 
that  the  JTF17  production  goal  shown  in  the  same  figure  can  be  met. 

The  original  combustor  incorporated  in  FX-161  is  the  high  time  part 
with  87.41  hours  and  is  still  suitable  for  continued  testing. 
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Primary  Combustor  Pressure  Drop 
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E .  TURBINE 

l.  Thermodynamic  Cascade  Rig 


December  Phase  1I-C  Total 

Test  Time,  hours  ?q  u 

"  '  r  v  -+  /  3  .  J  i 

Heat  transfer  tests  of  alternate  JTF17  turbine  airfoils  were  completed 
this  aonth  with  testing  of  the  lst-stage  baffle  blade.  A  review  of  all 
ist-stage  blade  test  data  still  indicates  that  the  P6#A  two-piece  Thermal 
StclnU1  l^t-stage  blade  is  the  most  desirable  blade  for  use  in  the  JTF17 
engine.  Test  results  of  this  blade  were  reported  in  FWA  FR-2213. 
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F .  AUGMEN’TOR 

December  Phase  II -C  Total 

Fuli-Scale  Rig  Xe: t  Time  0  hours  44.97  hours 

A  total  of  27.53  hours  of  engine  testing  has  been  accumulated  on  the 
ducL  heater  (with  a  maxi  .vu:a  fuel. air  ratio  oi  ii.tiSgi  in  add?  tier,  to  the 
44.97  hours  previously  accumulated  on  the  full-scale  annular  tig,  resulting 
in  a  total  duct  heater  test  time  for  Flvase  II-C  of  72.50  hours. 

The  duct  heater  provided  the  necessary  augmentation  for  engine  FX-163-2 
to  exceed  the  JTP17A-20  production  thrust  of  57,000  In.  The  duct  heater 
operation  was  excellent  throughout  the  entire  testing  of  engine  FX-163-2. 
Successful  ignition  was  obtained  on  all  10  lights  on  FX-163-2  for  a  total 
of  78  successful  lights  in  Fhase  Il-C  engine  testing,  without  a  single 
failure  to  light. 
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C.  EXHAUST  SYSTEM 


The  static  pressure  tap  cruise  test  program  has  been  o>  p!  eted  and 
data  are  undergoing  analysis.  Comparison  of  ;ieasu red- to- predicted  pres¬ 
sure  distributions  on  the  engine  plug  and  the  reverser-suppressor  clam¬ 
shells  and  trailing  edge  flaps  is  shown  ir.  figure  I1I-G*!.  The  genera! 
close  agreement  between  the  measured  pressures  and  the  theoretical  pres¬ 
sures,  which  were  used  to  establish  the  exhaust  system  pressure  loads, 
substantiates  the  validity  of  the  crui  r~-  structural  design.  The  slightly 
different  shroud  pressure  ratios  indicate  that  a  small  performance  improve¬ 
ment  (approximately  0.001  C^)  may  be  possible  through  revised  contouring 
of  the  shroud. 


The  scale  model  reverser  test  program  conducted  to  investigate  reverser 
performance  targeting  and  flow  characteristics  nas  been  completed.  Flow 
visualization  studies  indicate  that  acceptable  reverser  targeting  patterns 
can  be  established  with  the  existing  reverser-suppressor  design.  Fig¬ 
ure  ITI-G-2  shows  an  inverted  "Y"  pattern  which  is  compatible  with  air¬ 
frame  requirements.  This  was  achieved  by  blocking  the  bottom  center 
reverser  door.  Other  reverse  targeting  patterns  which  may  be  desirable 
can  be  obtained  by  similar  techniques. 

The  Boeing  wing/nacelle  model  tests  have  been  completed.  Close  agree¬ 
ment  was  obtained  with  previous  Boeing  Company  tests  of  a  similar  installa¬ 
tion.  Figure  III-G-3  presents  a  comparison  of  the  installed  and  isolated 
exhaust  system  performance  at  Mach  0.8  and  0.5  conditions.  The  installed 
performance  levels  were  higher  than  the  isolated  levels.  The  reasons  for 
this  performance  improvement  may  result  from  the  relative  placement  of 
the  exhaust  nozzle,  the  wing  trailing  edge,  and  the  adjacent  nacelle. 

The  possibility  of  nacelle  and  wing  mutual  interaction  contributing  to 
improved  performance  warrants  further  investigation. 

Reverser-suppressor  unit  No.  2  was  installed  on  engine  FX-163  in  sea 
level  test  stand  A-U  on  12  December.  Instrumentation  as  described  in  last 
month's  report  was  provided.  There  was  no  discernible  effect  on  perform¬ 
ance;  the  JTF1 7  meets  the  sea  level  takeoff  performance  goals  with  or 
without  the  reverser-suppressor  installed.  Operation  in  the  reverse  mode 
and  all  transitions  into  and  out  of  reverse  at  idle  were  smooth  and  without 
incident.  Visual  inspection  revealed  no  signs  of  distress. 
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f  i. f-ure  1II-G-3.  JXF17  Exhaust  System  Installed  Performance 
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i!.  CONTROLS 

1.  Initial  Experimental  JTF17A-20  Control  Sy^t.™ 
a.  Engine  Gas  Generator  Control 

The  CJQ1  gas  generator  controls  continued  to  operate  sa t i s iac L.  r i ! \  on 
the  initial  experimental  engines.  Trie  Bui  Id  1  (protet vpe)  high  con.prossoi 
design  revised  the  gas  generator  fuel  requirements  so  that  the  original 
control  schedules  were  still  valid,  thus  negating  the  requirement  lor  revised 
fuel  schedule  cams.  'Hie  modulating  inlet  guide  vane  (ICV)  schedule  was 
changed  for  the  new  compressor  to  a  twu  position  schedule  (start  or  takeoff)  . 
As  a  result,  the  inlet  guide  vanes  were  operated  manually  on  engine  FX- 163-d 
rather  than  with  the  gas  generator  control.  The  CJQ1  gas  generator  controls 
successfully  completed  the  Phase  II-C  program  with  virtually  no  problems. 

h.  Duct  Airflow  Computer  (Breadboard) 

The  Hamilton  Standard  S/N  1  breadboard  computer  was  bench  tested  at 
FRDC  and  exhibited  excessive  hysteresis  in  the  actual  AP/P  sensor  portion 
of  the  control.  The  unit  was  returned  to  Hamilton  Standard  lor  investi¬ 
gation.  The  hysteresis  measured  during  KSD  tests  was  a  ;naxir>-.:vi  of  1.1% 
of  total  range, well  within  allowable  limits.  After  ac justment,  the  unit 
will  be  returned  to  FRDC. 

The  S/N  2  unit  is  available  at  FRDC  and  is  engine  ready, 
c.  Duct  Fuel  Controls 

(1)  Modified  JFC-51  Duct  Fuel  Control 

The  modified  JFC-51  control,  installed  on  engine  FX-lbl,  successfe  1 1 y 
completed  the  engine  altitude  test.  An  AA-M1  control  has  been  assigned 
for  the  next  build  of  engine  FX-161. 

(2)  AA-M1  Heater  Fuel  and  Nozzle  Area  Control 

Bench  calibration  of  AA-M1  control  S/N  D07C001  was  completed,  and 
the  control  is  assigned  to  the  next  build  of  engine  FX-161. 

The  reduced  gain  integrator  cam,  the  T^,  bias  cam,  and  the  revised 
fuel  flow  cam  were  installed  in  AA-M1  control  S/N  D07C002.  AA-M1  controls 
S/N  D07C001  and  S/N  D07C003  also  incorporate  these  cams. 
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AA-Ml  control  S/N  D07C003  was  received  i rot:  Bei.  ix,  bench  tested  .1; 

PAWA  and  delivered  rn  eneine  FX-l.63-7,  fimrr.'l  .ine^a  r  i  .n  c.k  e.-i*  ic- 
factory  during  the  engine  test.  An  oscillograpn  trn.  shewing  centre!  svs- 
tem  operation  at  maximum  augmentation  is  presented  1.1  figure  II I -it- 1  .  A 
tabulation  of  data  recorded  during  a  four-point  performance  calibration 
on  engine  FX-163-2  is  shown  in  table  II1-H-1.  These  data  indicate 
good  computed  total  airflow  control. 


Duct  Heater  Fuel  Flow  -  lb/hr  66,0 
Fan  Speed  -  rpm  6122 
High  Compressor  Rotor  Speed  -  rpm  8144 
Duct  Nozzle  Area  -  ft^  8.85 


(P-j.  -  Pj)/p^.  Erro' 
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Equivalent  Total  Airflow  Error  ~ 

‘U  0.2  1  2  -  0  .  07  0  0.07  0  0.28  3 

d.  Quick-Fill 

The  breadboard  quick-fill  system  was  operated  on  engine  FX-163-2, 
using  various  manifold  pressure  sense  location  points  to  determine  the 
effect  on  the  fill  sequence.  In  addition,  the  Zone  II  piloL  valve  pis¬ 
ton  land  was  underlapped.  The  fuel  manifold  pressure  sensor  level  adjust¬ 
ments  were  varied  in  both  the  Zone  I  and  Zone  II  systems  to  determine 
the  optimum  settings.  The  quick-fill  system  performed  satisfactorily 
by  filling  the  duct  system  zone  plumbing. 

e.  Duct  Fuel  Pump 

The  duct  fuel  pump  for  engine  FX-163-2  was  operated  on  the  engine 
test  stand  at  97,000  pph  fuel  flow  and  1130  ps  ig  discharge  pressure 
prior  to  being  delivered  to  the  engine.  This  test  was  conducted  to 
demonstrate  that  the  pump  and  test  iaciiitv  were  capable  of  delivering 
adequate  fuel  flow  during  the  engine  Lest. 

During  a  duct  heater  performance  calibration  on  engine  FX-163-2  on 
11  December,  the  fuel  pump  supplied  96,000  pph. 
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£.  Ignition 

The  JT12,  £-jo»:ie,  low  tension  ignition  system  with  JTF17-type  shunted 
gap  igniters  fuliy  demonstrated  the  ability  ti:  aicet  the  JTF17  prototype 
engine  ignition  requirements.  The  gas  generator  was  successfully  ignited 
139  times,  and  the  dt>ct  heater  Ignited  78  times  on  JTF17  experimental 
engines.  Twenty-eight  gas  generator  and  19  duct  heater  lights  were 
achieved  at  simulated  altitude  conditions. 

2.  Prototype  JTF17  Engine  Control  System 

a.  Unitized  Fuel  and  Area  Control 

Hamilton  Standard  and  Bendix  Products  Aerospace  Division  were  in  com¬ 
petition  throughout  Phase  II-C  for  the  unitized  fuel  and  area  control 
contract.  An  evaluation  of  the  proposed  controls  and  the  capabilities 
of  the  respective  companies  -<as  conducted  and,  in  late  November,  both 
vendors  were  advised  that  Hamilton  Standard  has  been  selected.  Procure¬ 
ment  of  long -lead -time  parts  for  the  control  was  initiated  with  Hamilton 
Standard  on  1  December. 

A  review  was  held  with  Hamilton  Standard  to  discuss  all  the  require¬ 
ments  of  the  unitized  fuel  and  area  control.  Hamilton  Standard  made  an 
intensive  3tudy  of  the  schematic  concept  and  provided  considerable 
simplification  with  minor  control  performance  penalties. 

Detail  design  was  actively  pursued  during  December  with  the  component  parts 
of  the  control  being  sized  for  maximum  anticipated  engine  growth. 

b.  Digital  Electronic  Airflow  Computer 

The  Hamilton  Standard  Division,  the  selected  vendor  for  the  alternate 
digital  electronic  airflow  computer ,  proceeded  with  detail  design  and 
installation  studies.  This  unit  is  designed  to  mount  directly  on  the 
unitized  fuel  and  area  control  and  replaces  the  hydro -mechanical  section 
performing  the  same  functions. 

c.  EFR  Control 

The  Eclipse  Pioneer  Division  was  selected  as  the  vendor  for  the 
airframe-mounted  electronic  EFR  control  that  is  offered  as  optional  equip¬ 
ment  with  the  hydro-mechanical  ui  tized  fuel  and  area  control. 
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d.  FROL  Computer  Studies  of  the  JTF17  Control  System 


The  four-engine  SST  aircraft  cockpit  simulator  was  revised  to  combine 
the  latest  detailed  Boeing  inlet  simulation  with  a  more  detailed  single 
engine  simulation.  This  simulation  was  used  to  determine  the  effective- 


. .  :ic s A  iLiljil .Ail How  txiit  x.o  match  engine  airil*  w-  to  -in  bet  trirfloST "*  — 


and  to  ensure  that  engine  transient  rotor  speeds  were 
the  inlet -dynamics-  . - - - - 


compatible  with 


Figure  III-H-2  illustrates  the  inlet  response  to  a  maximum  rate  ■ 
transient  from  maximum  augmented  to  idle  to  maximum  augmented  at  crui-c 
conditions.  There  was  little  overshoot  or  undershoot  in  rotor  speed, 
and  the  inlet  shock  was  closely  maintained  to  the  desired  position.  For 
this  transient,  the  Lnlet  bypass  doors  were  partially  open  allowing  the 
shock  to  be  repositioned  to  the  steady-state  desired  location  although 
engine  airflow  had  been  reset  in  the  increased  direction. 


Figure  1II-H-3  illustrates  the  engine/inlet  response  cc  a  duct  heater 
blowout  and  c  resultant  power  lever  recycle.  The  shock  position  moved 
toward  the  engine  face,  which  caused  the  inlet  bvpass  doors  to  fully 
close;  then  when  the  power  lever  was  retracted,  the  shock  position  moved 
forward.  The  bypass  doors  remained  closed  during  the  shock  transition. 
FU  was  readvanced  and  original  operating  conditions  re-established 
aftor  approximately  20  seconds. 


c.  Ignition 

The  General  Laboratory  Associates,  Inc.  has  been  selected  to  provide 
the  JTF17  prototype  ignition  system,  exciters,  and  harness.  Champion 
Spark  Plug  Company  has  been  selected  to  provide  the  spark  igniters  for 
the  JTF17  engine.  These  selections  were  made  based  on  the  proposals 
received  in  response  to  the  P&UA  purchase  s pec i f lea t ions .  The  GLA  system 
electrical  schematic  end  installation  dr<,;.-lug  has  been  coordinated  and 
found  compatible  with  the  JTF17  requirements. 


f.  Hydraulic  Pump 

Pesco  Products  Division  of  Borg-Wa  mer  Corporation  was  selected  to 
provide  the  JTF17  prototype  hydraulic  pump.  A  suitable  pump  configuration 
and  engine  installation  has  been  coordinated  with  Pc- to. 
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g*  Gas  Generator  Pump 

Ch a ud lcr  Ev3iis  ,  Inc .  was  selected  to  provide  the  JTFl?  prototype  gas 
generator  pump.  Coordination  of  the  puap  requirements  and  engine  ins ta 1  — 
— la  Molt  -haa-  been-'togipWed  trtth  -GBCOz - -  — - - - — - 
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i.  BEARINGS  AND  SEALS 

Kg  rig  development  testing  has  been  accomplished  on  bearings  and  5v.iL 
dur  ir;g  this  report  period. 
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1.  FUELS  AND  LUBRICANTS 
•-  Fuels 

Fuel  coker  tests  on  avia"  ion  ke-osenc  have  c.t,  :  r.v:.  J  tv  tet;  irr-  that 
fuel  de  1  ivered  to  FR3C  is  seeling  the  purchase  specification  rt  q  j :rcr.c o r*. . 
Uhls  monitoring  also-  confirms  that  the  thermal  stability  is  wintairuj 
during  storage  and  delivery  to  the  experiaentsi  JTi'l?  engines. 

December  activities  induced  ett£*»iiance  at  the  Ao  H-i  CouSiitti.ee  3 -  v-r. 
Petreleu®  Products  and  Lubricants  Meeting  at  Hnyatw,  Tt-sas  .  F8BC  rep¬ 
resentation  was  included  at  the  technical  Division  J,  Section  I  panel 
on  Supersonic  Fuel  Keeling. 

2.  Lubricants 

Laboratory  tests  were  continued  or  candidate  Lubricants  to  ensure 
conformance  to  specification  requirements. 
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K.  iiSftei'  SYSTEM  CGMFAIifllUlY 
).  Engine1/ In  lei  Compatibility 

The  JTF17  engine/iniet  cockpit  dynamic  simulator  was  demonstrated  to 
the  FAA.  This  detailed  engine/inlet  dynamic  simulation  includes  flight 
crew  provisions  for  cruise  trim  and  adjustment  of  engine  pressure  ratio 
(EPR),  inlet  spike  position,  and  bypass  doer  position.  Sec  figure  I1I-K-1. 
Extensive  analysis  of  automatic  and  manual  engine/iniet  modes  of  operation 
is  proceeding  vith  the  JTF17  engine/iniet  cockpit  dynastic  s inula tor . 

A  jTFI?  engine  and  control  digital  dynamic  simulation  for  the  U.S.  Air 
Force  Aero-Px opuls ion  Laboratory  is  complete  and  has  been  transmitted. 

The  improved  ISM  system  360,  JTF17  digital  dynamic  simulations  for 
both  airframe  manufacturers  are  near  completion.  A  UNIVAC  system  1108, 
JTF17  digital  dynamic  simulation  is  being  prepared  for  engine  control 
studies  by  Hamilton  Standard. 

The  Lockheed  California  Company  has  completed  an  updated  Inlet  simu¬ 
lation  for  the  P&WA  engine/iniet  compatibility  study. 
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L.  NOISE 

The  resonant  liner  test  section,  described  m  PWA  FR-2213,  was  tested 
in  the  East  Hartford  reverberation  chamber.  The  test  section  was  con¬ 
structed  as  shown  in  figure  III-L-1  to  simulate  the  first  29  in.  of  the 
fan  duct  chat  is  shown  in  figure  III-L-2.  For  the  first  secLion  to  be 
tested,  the  acoustic  treatment  was  uniform  over  the  entire  surface  of  the 
mode 1 . 

Analytical  studies  indicate  that  even  greater  attenuations  are 
possible  if  certain  variations  are  made  to  sections  of  the  walls  and 
flow  splitter.  As  an  example,  a  system  of  patches,  each  treated  to 
attenuate  different  frequencies,  would  increase  the  overall  attenuation. 
For  a  second  method,  the  downstream  section  of  the  duct  could  be  designed 
for  the  lower  sound  pressure  level  because  of  the  attenuation  by  the 
upstream  section. 

Preliminary  analysis  of  the  data  obtained  from  the  reverberation 
chamber  tests  indicates  that  present  test  section  treatment,  together 
with  changes  in  blade-vane  spacing,  will  meet  the  prototype  design  goal 
of  12  db  fan  noise  attenuation.  Figure  1II-L-3  shews  the  effect  of 
velocity  on  attenuation  from  the  resonant  liner  with  a  treated  flow 
splitter.  The  net  effect  is  an  increase  in  overall  attenuation  as  the 
velocity  increases  to  400  ft/sec,  which  was  the  design  point.  Fig- 


treated  flow  splitter  as  compared  to  no  flow  splitter.  This  too  results 
in  broader  spectral  attenuation;  and  consequently  better  overall  sound 
suppression. 

Initial  tests  to  determine  the  reflection  of  rearward  propagated  fan 
noise  because  of  a  density  gradient  in  the  fan  discharge  duct  were  com¬ 
pleted.  Results  to  date  and  analytical  studies  by  Dr.  Ingard  indicate 
that  significant  reduction  in  fan  noise  may  be  expected  when  the  tem¬ 
perature  ratio  across  the  burner  is  greater  than  4  to  1 . 

The  study  program  for  evaluating  psycho-acoustic  reactions  to  jet 
noise  with  impressed  "pure  tones”  has  been  delayed. 
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The  acoustical  analysis  of  the  single  jet  noise  models  referred  to 
in  PWA  FR-2213  has  been  completed  and  is  summarised  in  figure  II1-L-5 
through  II1-L-1Q.  The  final  analysis  of  the  data  recorded  during  this 
test  series  continues  to  substantiate  the  selection  of  the  4-lobe,  50% 
penetration,  long -length  mixing  notale  as  the  optimum  configuration  to 
be  incorporated  in  the  prototype  engine  design.  The  nozzle  performance 

and  _r_eiuc  tinn  in-  jet  _  noise-  lav  el  for-  this  -  con  f  i  gur  at  i  on  ,  presentted-in - 

ftgure  til-L-5,  clearly  show  that  the  indicated  reduction  in  jet  noise 
can  be  achieved  with  virtually  no  loss  in  nozzle  performance  in  a 
properly  designed  exhaust  nozzle  system. 

During  the  above-mentioned  series  of  tests,  several  models  with  non- 
coplaner,  coannular  center  bodies  were  evaluated.  A  comparison  of  the 
4-lobe,  75%  penetration,  long-length  mixing  nozzle  with  noncoplaner  center 
hod*-  exhibited  a  2.5  PNdb  reduction  in  jet  noise  level  over  a  similar 

without  a  centet  body.  This  reduction  in  jet  noise  may  be  attributed 
coannular  mixing  phenomenon  of  the  basic  JTF17  exhaust  system  which 
has  shown  a  3  PNdb  reduction  in  jet  noise  from  the  level  predicted  by  the 
SAE  method. 

Acoustical  data  recorded  during  the  recent  full-scale  demonstration 
of  maximum  thrust  on  engine  FX-163  without  a  reverser-suppressor  showed 
'a'  reduce  toil  £n  nois  e  level  of  3  PNdb ,  figure  IXl-L-ll,  relative  to  the 
noise  level  predicted  by  the  SAE  method.  Figure  III-L-12  shows  the  octave 
band  sound  pressure  levels  recorded  during  engine  FX-163  maximum  steady- 
state  thrust  point  and  the  corresponding  levels  from  the  SAE  prediction 
method.  It  is  apparent  from  these  data  that  the  maximum  difference  in 
sound  pressure  level  occurs  in  the  center  octave  bands  and  reflects  the 
relatively  short  potential  cone  which  is  characteristic  of  the  noncoplaner 
coaxial  system  used  in  the  basic  JTF17  exhaust  nozzle  design.  With 
reverser-suppressor  unit  No.  2  installed  on  the  engine,  there  was  a 
5  PNdb  reduction  in  noise  level  below  that  predicted  by  the  SAE  method. 
(Reference  figure  III-L-11.)  No  discernible  effect  on  performance  was 
evident.  The  JTF17  engine  meets  the  sea  level  takeoff  performance  goals 
with  or  without  the  reverser-suppressor  installed. 
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Full-scale  testing  of  a  J58  engine  with  the  4-lobe  aixing  nozzle  2nd 
blow-in-door  ejector  installed,  has  been  completed.  An  extensive  run 
program  was  scheduled  that  evaluated  the  acoustical  performance  of  the 
nozzle  ever  a  relative  jet  velocity  range  or  from  i&OQ  to  2700  it/sec. 

_  _  -fee.  acoustical-  data -and-  nozzle-  performance  arv-~eh©Wfr  itr  -ftjgared  “liri'fc»i31 . . r 

and  IIl-L-14,  respectively,  feese  data,  vshen  compared  to  predicted  levels, 
show  a  maximum  of  4.5  PKdb  attenuation  with  no  loss  in  nozzle  performance , 
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Note:  The  model  data  represented  have  been  scaled  to  ft  ill  J58 
engine  size  and  normalized  to  a  5.7  ft2  effective  jet  area. 


921  Series 


NET  THRUST  -  lb  (Thousand) 


Figure  III-L-5.  ?e rf oraance  of  Turbojet  Mixing 
Rozsle  Models  -  921  Series 
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Note;  Tbs  model  data  represented  have  been  sealed  up  to  full  JSS 
engine  size  and  normalized  to  a  S.7  ft*  effective  jet  area* 


Pig'ire  III-L-6.  Performance  of  Turbojet  Missing  F®  19264 
Ko2zle  Models  -  93i  Series 
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Figure  IIX-L-10.  Performance  of  Turbojet  Mixing 
Nozzle  Models  -  961  Series 
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M.  HOOKUPS 

All  work  on  the  full-scale  taockup  was  completed  prior  to  the  FAA 
evaluators  visit  this  period. 

A  sprlafc.le  1/*»$csJLa  siockup  of  the  4-lohe  noise  .suppressor  was  fabri¬ 
cated  during  this  period  and  was  used  to  demonstrate  the  concept  to  the 
FAA,  A  hull  side  view  of  the  Btodel  in  the  suppression  with  tertiary 

ram  Scoop  doors  open  is  shown  in  figure  XII-H-i.  Figure  11I-M-2  is  a 

- 3/4  rear  view  showing  the  tertiary  doors  and  the  trailing  edge  of  the 

tap  and  bottom  suppression  flaps.  The  trailing  edge  of  all  4  suppression 
flaps  can  be  seen  In  the  full  rear  view  shown  in  figure  IX1-M-3. 
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Workable  1/4-Scale  Mockup  of  4-tobe  Noise  Suppressor  *  Side  View 
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8.  COORDINATION 

1.  General 

EBB C  JXF1?  performance  engineers  visited  Boeing  on  5  and  6  December 
and  Lockheed  on  7  Decerabr-r  far  increased- size  airplane  and  engine  dis¬ 
cussions  . 

FRDC  performance  and  installation  engineering  personnel  visited  Boeing 
and  Lockheed  bn  8  an3~9  Uec«d>er,  “respectively  ,~fo.T  presenrations  of 
distorted  inlet  fan  rig  and  engine  test  results,  as  veil  as  the  latest 
JTF17A-21  prototype  engine  high  compressor  rig  test  results. 

Messrs.  W.  L.  Gorton,  FfiBC  General  Manager,  end  B.  N.  Torell,  Chief 
Engineer,  visited  the  FAA,  Washington,  D.  C.,  on  12  December,  for  SSI 
program  discussions. 

The  FAA  Supplemental  Engine  Evaluation  Team  visited  F&DC  on  14,  15 
December,  to  review  the  JTF17  Phase  II-C  engine  and  rig  testing  cbcoisplish- 
ments  subsequent  to  their  November  visit.  All  engine  objectives  have 
been  met. 

Phase  II -C  Evaluation  Supplementary  Report,  FWA  FR-2I93,  dated  15 
Bece&ber,  was  transmitted  to  the  FAA,  Washington,  on  schedule.  Tills  report 
summarizes  FSDC  powerplant  progress  from  6  September  to  15  December, 
including  Phase  1T-C  engine  and  major  component  overall  test  results. 

JTP17  Failure  Mode  and  Effect  Analysis  material,  which  included 

h  * 

block  diagrams,  component  FMEA,  and  fuel  and  control  FKEA  was  provided 
to  American  Airlines  as  requested. 

A  JTF17  engine  simulation  program,  which  included  the.JTFl?  engine 
and  control  dynamic  simulation  deck,  basic  logic  flow  diagram  of  the 
propulsion  system,  engine  control  block  diagrams  and  constants,  and 
engine  control  schedules  and  functions,  was  transmitted  to  the  Air  Force 
Aero-Propulsion  Laboratory,  as  requested, 

2.  JTF17A-21L  Engine 

Proposed  P&WA  Spec.  2698  revisions,  resulting  from  FAA-P&WA  Phase  III 
contract  negotiations,  were  forwarded  to  LCC  for  their  review  and  approval. 
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A  preliminary  drawing  of  a  "four  lobe"  suppressor  nozzle,  designed  to 
provide  an  additional  noise  suppression  of  3  PNdb  at  maximum  augmented 
thrust,  was  generated  and  transmitted  to  Lockheed  for  their  consideration 
in  engine  studies  associated  with  their  increased  TQCU'  airplanes.  This 
reverser-suppressor,  which  is  conical  in  shape,  is  four  inches  greater  in 
diaraeter  at  the  front  end,  ana  weighs  approximately  350  lb  more  than 
the  current  JTF17A-21L  reverser-suppressor. 

Tc  supplement  data  previously  supplied,  additional  engine  disk  failure 
data  and  analyses  were  transmitted  to  LCC,  per  their  request,  to  aid  them 
in  completing  their  FAA-requested  reliability  studies. 

Performance  decks  for  several  increased  airflow  study  engines  were 
transmitted  to  LCC  for  their  use  in  optimization  studies  on  possible 
increased  TOGW  airplanes.  Applicable  dimensions  and  weights  were  also 
provided.  Extremely  close  and  active  coordination  continues  in  efforts 
to  achieve  an  optimum  airpiane/engine  corafiinacion. 

In  response  to  a  Lockheed  request  a  design  study  was  conducted  to 
determine  the  engine-driven  compressor -oil  pump  gearbox  envelope  growth, 
associated  with  increased  horsepower  requirements.  A  layout  depicting 
the  increased  size  gearbox  was  generated  and  transmitted  to  LCC. 

As  a  variation  of  the  above, LCC  has  advised  P&WA  that  they  are  currently 
conducting  additional  studies  of  their  environmental  control  system,  in 
an  effort  to  define  a  system  in  which  the  engine-driven  compressor  can 
be  removed  from  the  engine.  The  feasibility  of  these  systems  depends  in 
part  on  possibility  of  revising  the  current  engine  air  bleed  concept. 

Initial  design  studies  of  the  required  engine  bleed  system  were  conducted. 

LCC  has  again  requested  relocation  cf  the  engine  front  mount  attach 
points.  The  relocation  is  a  result  of  continuing  mount  system  optimization 
studies.  Preliminary  engine  design  studies  were  conducted  to  determine 
structural  and  weight  effects  on  the  engine.  LCC  have  provided  drawings 
and  additional  mount  and  maneuver  load  data  to  aid  in  these  studies. 

A  drawing,  depicting  a  reduced  drag  ving/reverser-suppressu.  mate-up 
configuration,  was  received  from  Lockheed.  This  results  in.  a  slightly 
revised  upper  reverser-suppressor  How-in-door  configuration.  The  drawing 
has  been  reviewed  and  estimates  of  •erformance  effects  have  been  forwarded 
to  LCC  for  input  into  their  drag  versus  thrust  trade-off  studies. 
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3.  JTFI7A-21B  Engine 

Proposed  P&WA  Spec.  2710  revisions,  resulting  from  FAA-P&WA  Phase  III 
contract  negotiations,  have  been  approved  by  Boeing. 

At  Boeing's  request  a  performance  deck  and  applicable  dimensions  for 
a  study  engine,  JTF17A-21B-1,  sized  at  825  lb/sec  airflow  and  1.1  bypass 
ratio  was  provided.  This  engine  will  provide  (1)  a  significant  improve¬ 
ment  in  overall  airplane  performance  at  the  current  TOGW,  (2)  improved _ 

_fransOtvic -thrust  mar grn7  add  (3)  a  significant  reduction  in  the  noise 
level.  This  engine  has  the  potential  of  reducing  sideline  noise  to  a 
level  well  below  the  present  FAA  objectives.  Copies  of  the  prelirainary 
specification  for  this  engine,  PWA  Engine  Specification  No.  2716,  dated 
9  December  1966,  have  been  transmitted  to  the  FAA,  Washington,  D.  C. 
for  their  review. 

The  latest  revised  copy  of  P&WA  duct  heater  nozzle  attachment  layout 
has  been  transmitted  to  Boeing  to  further  assist  them  in  their  independent 
thrust  reverser  design  studies.  Boeing  has  advised  that  the  planned 
coordination  meeting  in  December  should  be  deferred  until  completion  of 
their  design  and  mockup  work,  after  the  end  of  Phase  Il-C, 

FKDC  supplied  Boeing,  per  their  request,  information  concerning  the 
effect  of  prolonged  operation  at  high  temperature  on  the  properties  of 
oil,  and  on  the  JTF17  engine  bearings  and  lubricated  components. 

FRDC  transmitted  to  Boeing,  per  their  request,  a  complete  set  of 
FRDC  noise  test  equipment  facilities  photographs.  FRDC  also  provided 
Boeing  with  two  high  temperature  duct  heater  discharge  (pressure  and 
temperature  reading)  probes,  and  instructions  for  use  in  the  Boeing  SST 
propulsion  system  noise  test  program  being  conducted  at  the  Boardman, 

Oregon  te3t  facility,  FRDC  offered  the  services  of  an  instrumentation 
e-.gitieer,  if  they  so  desired. 

Airplane  nacelle  model  test  coordination  has  been  extensive.  A 
preliminary  review  of  the  Boeing  and  FKJDC  wing-nacelle  test  results 
indicates  very  good  agreement.  A  reverser  targeting  study  indicates 
that  the  inverted  "Y"  pattern  of  flow,  suggested  by  the  airframe  company, 
can  be  acnieved  with  the  prototype  engine  design. 
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0.  MAINTAINABILITY 

The  design  layout  to  improve  the  maintainability  characteristics  of 
the  JTF17  engine  by  revising  the  fan  stator  assembly  attachment,  as 
reported  in  H$A  FR-2213,  has  been  completed.  This  redesign  resulted  in 
a  41%  reduction  in  the  number  of  bolts  that  iiavc  to  be  removed  in  order 
to  disassemble  the  fan  stator  assembly  and  still  retain  support  at  tits 
front  mount. 

To  supplement  the  maintainability-maintenance  endea vors ,  PSfA  ha s 
prepared  two  additional  documents:  (1)  JTF17  Installed  Engine  Diagnostic 
Inspection  Plan,  FWA  FR-2233  and  (2)  a  preliminary  document,  PWA  JT9D/SST 
Turbine  Engine  Overhaul  Test  Cell  Requirements.  The  following  will  summarize 
each  of  the  documents. 

The  JTF17  engine  diagnostic  inspection  analysis  included  the  follow¬ 
ing  categories: 

1.  In-Flight  Monitoring 

Gas  generator  parameter  monitoring  for  malfunction  analysis  through 
gas  generator  comparisons  and  mechanical  trends  is  the  basic  method  of 
in-flight  monitoring.  The  detailed  procedure  and  techniques,  as  outlined 
in  P&WA  Gas  Turbine  Operation  Information  Letters  No.  14,  15,  16,  and  18, 
were^reviewed.  Current  airline  practice  and  operating  procedures  were 
reviewed  with  P&WA  Flight  Operation  Engineering  and  airline  field  service 
representatives.  Engine  trend  curves  are  established  by  a  circular  slide 
rule  provided  by  P&WA  for  each  particular  engine  and  used  by  flight  crews. 

2.  Flight  Line  Investigation 

Flight  line  techniques  that  were  investigated  included  oil  analysis, 
borescope  inspection,  sonic  analysis  and  radiography. 

The  Lube  Rater  system  was  reviewed,  the  details  of  which  are  contained 
in  P&WA  Report  NaFL-65-3  entitled  "Extension  of  Synthetic  Oil  Drain  Periods 
in  Aircraft  Gas  Turbine  Engines,"  dated  10  February  1965.  The  spectrometric 
oil  anaiysis  program  as  used  by  commercial  and  military  operators  has  been 
reviewed.  Chip  detectors  and  popaut  oil  filters  of  the  visual  as  well  as 
recording  variety  have  been  investigated,  and  vendors  have  been  contacted 
for  the  best  equipment  for  this  application. 
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Mockups  have  been  iudc  to  determine  the  feasibility  of  the  horoscope 
provisions.  Investigation  work  has  been  done  with  equipment  manufacturers 
for  boreseopes  with  zoom  lenses,  polaroid  and  movie  camera  attachments , 
as  well  as  closed  circuit  television  attachments . 

A  survey  was  made  of  the  various  airlines  as  we l_l_3a'  independent 
laboratories  currently  using  radioisotopes  for'^Fiagnosti c -work.  Radio¬ 
graphs  taken  during  the  engine  test  phase  of  the  JTF17  program  demonstrated 
the  feasibility  as  well  as  die  effectiveness  of  this  technique. 

The  current  work  on  a  scnic  analyzer  being  evaluated  by  TWA,  Eastern 
and  National  Airlines  was  reviewed  with  our  service  representatives. 

Several  acoustical  tapes  were  made  on  the  JUl?  during  the  test  program 
to  evaluate  this  technique. 

3.  Engine  Heavy  Maintenance 

Techniques  to  determine  serviceability  of  either  subassemblies  or 
detailed  parts  include  conventional  radiography,  ultrasonic,  eddy  current, 
fluorescent  penetrant,  and  infrared  inspection.  Current  techniques  and 
practices  were  reviewed  with  Materials  Development  laboratory  and  Non¬ 
destructive  Test  (NDT)  personnel  in  such  areas  as  spin,  hot  spin,  wink  zyglo, 
eddy  current,  and  ultrasonic  defect  detection  programs.  A  method  has  been 
developed  by  P&WA  to  measure  wall  thickness  of  turbine  blades  and  vanes  by 
eddy  current.  An  infrared  inspection  method  for  the  detection  of  alloy 
segregation  in  titanium  hubs  and  disks  has  been  developed  and  reco;  ended 
for  production  use. 

A  literature  survey  has  shown  that  there  are  new  NDT  techniques  which 
are  being  investigated  such  as  color  radiography,  neutron  radiography, 
olfactronics,  lasers,  microwaves,  and  ultrasonic  imaging. 

Pratt  &  Whitney  Aircraft  recognized  that  the  airline  operators  were 
already  involved  in  planning  for  shop  a nd  test  facility  modifications  to 
support  a  forthcoming  generation  of  large  subsonic  and  supersonic  aircraft, 
and  therefore  provided  a  preliminary  document,  IWA  JT9D/SST  Turbine  Engine 
Overhaul  Test  Cell  Requirements.  Drawings  representing  modifications  to 
existing  facilities  as  well  as  new  construction  details  were  included  to 
provide  the  operator  with  data  for  comparison  of  JT9D  and  JTF17  require¬ 
ments.  The  printed  information  was  hand-carried  and  discussed  directly 
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with  responsible  planning  personnel  at  PAA,  AA1,  TWA,  and  UAL,  and  the 
response  from  these  major  carriers  was  most  favorable. 

To  illustrate  the  degree  of  effort  and  depth  of  informa  tiors ,  the  table 
of  contents  from  HrfA  JT9D/SST  Turbine  Engine  Overhaul  Test  Ceil  Requirements 
is  reproduced  below: 


1.  Scope . . .  2 

2.  General  Discussion  .  ...  2 

3.  Noise  Control  Requirements . 4 

3.1  Typical  Noise  Criteria  .  ......  4 

3.2  JT9D/SST  Noise  Generation .  5 

3.3  Net  Test  Cell  Noise  Attenuation  Required . .  6 

3.4  Noise  Control  Techniques  .  . . 6 

4.  Aerodynamic  and  Temperature  Control  Requirements  ....  8 

4.1  Aerodynamic  and  Temperature  Design  Criteria .  8 

4.2  JT9D/SST  Engine  and  Test  Ceil  Mass  Flow  Data .  8 

4.3  Summary  of  Calculations . 9 

4.3.1  Intake  Stack  Sizes  With  60%  Open  Treatment .  9 

4.3.2  Exhaust  Stack  Sizes  With  35%  Open  Treatment.  . .  9 

4.3.3  Exhaust  Stack  Sizes  With  1GQ%  Open  Dined  Turns  .....  10 

4.4  Sufiayary  of  Conditions  Used  for  Cell  Design  .......  10 

4.4.1  Smaller  Test  Cells  -  Low  Air  Flow,  High  Water  Flow  ...  10 

4.4.2  Larger  Test  Cells  -  High  Air  Flow,  Low  Water  Flow  ...  10 

5.  JT9D/SST  Reference  Test  Cell  Specification .  11 

5.1  General  Description  and  Specif ications  .  11 

5.1.1  Scope . 11 

5.1.2  Test  Cell  Layouts .  12 

5.1.3  Test  Facility  Characteristics  -  Comparative  Costs.  ...  24 
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pr  VALUE  ENGINEERING 

Value  Engineering  cost  studies  completed  during  the  month  of  December 
inc lude : 

1-  Boeing  engine  vs  Lockheed  engine  cost  changes  with  varym; 
fuel  flow  and  bypass  ratio 

2.  Updated  controls  and  valves  cost  estimate 

3.  Updated  engine  cost  estimate 

4.  Flange  study  summary  of  form  relief  and  welded  rings, 
contoured  flash  butt-welded  rings  and  rectangular  flash 
butt-welded  rings. 

During  this  report  period,  Value  Engineering  also: 

1.  Investigated  feasibility  of  using  titanium  hone/comb  for 
noise  suppression  liners 

2.  Reviewed  use  of  angle  gaskets  for  Haskell  seals  in  main 
fuel  drain  valve  and  found  them  not  acceptable  for  this 
application 

3.  Completed  Phase  II-C  Final  Report  for  Value  Engineering. 

A  total  of  17  Value  Engineering  proposals  remain  pending  at  this 
time,  with  a  total  potenti&i  cest  reduction  of  $36,087  per  engine. 

Seven  new  Value  Engineering  proposals  have  been  initiated,  but  the 
potential  savings  have  uot  yet  been  established. 
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Q.  CONFIGURATION  MANAGEMENT 

Design  of  the  prototype  engine  is  continuing  with  incorporation  of 
coordinated  interfaces.  Detail  changes  required  on  stsue  interface  items 
are  being  coordinated  with  the  airframe  manufacturers  as  design  af  the 
engine  and  airframe  progresses.  All  proposed  changes  are  bein*  trans¬ 
mitted  by  Field  Survey  layouts  with  a  log  of  dates  of  transmit til  and 
acceptance  or  rejection  by  the  airframe  manufacturer.  The  basic  con¬ 
figuration  of  theenglne__ia_  unaffected  by_thpse.  changes. 
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R.  QUALITV  ASSURANCE 

Chea-.'nilling  of  airfoil  sections  has  proved  to  be  a  quick  and  accurate 
method  for  producing  masters  in  siae  ranges  needed  for  blade  and  vane 
wall  thickness  roeasurasent ,  “These:  masters  permic  setting  of  eddy  current 
equipment  so  that  clos*-  measurement  of  actual  thickness  is  possible. 
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S.  RELIABILITY 
1-  Design  Reviews 

Reliability  review  c£  all  layouts  describing  the  prototype  engine 
end  reliability  engineering  layout  review  sheets  indicating  areas  that 
merit  further  study  have  been  completed. 

2.  Failure  Mode  and  Effect  Analysis 

The  third  edition  of  the  Failure  Mode  and  Effect  Analysis  has  been 
completed  and  is  included  in  this  report  as  Appendix  A.  This  edition 
contains  FMEA  Sheet  II  which  includes  the  hazard  classification,  design 
philosophy  to  preclude  failure  and  the  design  philosophy  to  reduce 
hazard  for  each  failure  mode.  Minor  revisions  have  been  made  to  FMEA 
Sheet  I  to  reflect  the  latest  design  decisions. 

3.  Service  Data  Analysis 

Detailed  analysis  of  Service  Department  data  on  causes  of  inflight 
ahu t downs ,  premature  engine  removals,  and  parts  discrepancies  is  con¬ 
tinuing.  The  areas  investigated  in  detail  during  this  month  are: 

1.  JT3C  No.  4-1/2  Bearing  Seal  Wear 

2.  JT4A  Fuel  Nozzle  Inlet  Tee  Cracking 

3.  JT4A  Rear  Compressor  Bore  Tube  Wear 

4.  JT8B  Oil  Pressure  Regulating  Valve  Loosening 

4.  Special  Reliability  Studies 

A  study  of  “strip  stock”  versus  "forged  foot”  compressor  stators  has 
been  completed.  A  survey  of  premature  engine  removals  of  the  JT3C, 

JT3D,  JT4A,  and  JT8D  engines  from  1961  through  1965  shows  that  forged 
stators  have  greater  reliability  than  strip  stock  stators.  The  failure 
rates  were  calculated  to  be  0.0006  failures/one  thousand  hours  for 
forged  stators  and  0.0014  failures/one  thousand  hours  for  strip  stock 
stators. 

A  study  to  determine  exhaust  gas  teaperature  variations  of  first 
run  production  engines  and  the  exhaust  gas  temperature  deterioration 
experienced  by  overhauled  engines  has  been  completed.  This  information 
was  used  in  studies  of  hot  section  parts  life. 
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5.  J^arts  Histcry  Survey 

A  parts  history  survey  of  1st-  and  2nd-stage  fan  blades  was  made  for 
Project  Test  Engineers  to  identify  the  high  test  time  blades. 

6.  Statistical  Analysis  of  Outliers 

A  Monte  Carlo  simulator  was  written  to  evaluate  efficiencies  of 
methods  for  detecting  outliers  in  JTF17  performance  data.  The  res_-.es 
will  show  the  relative  performance  of  Thompson's  5,T'*,  Anscossbe's  "C*1, 
Bisher !s~  -“F4*"  and  GW&b “detection  techniques  with  small  samples. 

7 .  Dead  Band 

The  final  version  of  the  dead  band  study  (PWA  Report  FR-1897)  was 
completed  during  this  report  period  and  the  report  is  included  herein  as 
Appendix  B. 
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SECTION  IV 
AIRLINE  COMMENTS 


No  Airline  comments  were  received  during  this  report  period. 
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APPENDIX  A 

JTFI7  FAILURE  MODE  AND  EFFECT  ANALYSIS 

The  fallowing  pages  represent  the  resttl  ts  of  a  detailed  Failure  Mode 
and  Effect  Analysis  (FMEA)  and  design  philosophy  to  reduce  hazards. 

The  FMEA  is  shown  on  sheet  I,  while  the  design  philosophy  to  reduce 
hazards  is  shown  on  sheet  II  for  each  failure  mode. 

The  following  abbreviations  have  been  used: 

F.O.D.  Foreign  object  damage 

I.F.S.  Inflight  shutdown 

P.E.R.  Premature  engine  removal 

A.F.  Augmentor  failure 
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